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a b s t r a c t
By advancing the technologies regarding seismic control of structures and development of earthquake
resistance systems in the past decades application of different types of earthquake energy dissipation
system has incredibly increased. Viscous damper device as a famous and the simplest earthquake energy
dissipation system is implemented in many new structures and numerous number of researches have
been done on the performance of viscous dampers in structures subjected to earthquake. The experience
of recent severe earthquakes indicates that sometimes the earthquake energy dissipation devices are
damaged during earthquakes and there is no function for structural control system. So, damage of
earthquake energy dissipation systems such as viscous damper device must be considered during design
of earthquake resistance structures.
This paper demonstrates the development of three-dimensional elasto-plastic viscous damper
element consisting of elastic damper in the middle part and two plastic hinges at both ends of the
element which are compatible with the constitutive model to reinforce concrete structures and are
capable to detect failure and damage in viscous damper device connections during earthquake
excitation. The ﬁnite element model consists of reinforced concrete frame element and viscous damper
element is developed and special ﬁnite element algorithm using Newmark's direct step-by-step
integration is developed for inelastic dynamic analysis of structure with supplementary elasto-plastic
viscous damper element. So based on all the developed components an especial ﬁnite computer
program has been codiﬁed for “Nonlinear Analysis of Reinforced Concrete Buildings with Earthquake
Energy Dissipation System”. The evaluation of seismic response of structure and damage detection in
structural members and damper device was carried out by 3D modeling, of 3 story reinforced concrete
frame building under earthquake multi-support excitation.
& 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction
Generally, structure control subjected to seismic excitation has
been among the most challenging tasks for civil engineers in recent
decades. The traditional approach to design an earthquake resistance
building is to provide adequate strength and stiffness against earth-
quake forces. As an alternative, studies have proposed the use of active
and passive structural control systems, which have been enabled
through technological and technical advancements, to decrease the
effects of earthquakes and prevent seismic damage to buildings.
As part of these control systems, ordinary and simple passive
control systems are used for two purposes, namely, to dissipate
energy due to earthquakes and heighten the structure's ductile
behavior to diminish earthquake load and prevent seismic damage
to the structures. Because part of the seismic energy is dispersed
by the supplementary energy absorber elements, the main parts of
the structure are protected when powerful earthquakes occur.
In particular, viscous dampers have been considered successful or
efﬁcient energy dissipation devices, which can be used to enhance
the structural response against seismic excitation.
Constantinou and Symans [1] investigated on seismic response
of structure equipped with linear ﬂuid damper through mathe-
matical modeling and experimental test. This study showed that
damping force produced by the viscous damper is largely inﬂu-
enced by the physical properties of the ﬂuid used in the device.
The result proved that using damper device improved structural
response in terms of story drift and shear force.
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Reinhorn and Constantinou [2] performed the experimental
test using shaking table for reinforced concrete structures furn-
ished with different damping devices such as viscous dampers to
study the behavior and damage of structure and reach to physical
or mathematical modeling. The result of experimental and analy-
tical study has been reported in NCEER-95 which indicates that
damper device decreases the inelastic deformation and reduces
damage in structures. The analytical platform incorporated in
IDARC software [3] was developed.
Lin et al. [4] also experimentally explored the seismic behavior
of structures equipped with viscoelastic dampers. Result revealed
that considerable improvement of structural performance under
seismic loading can be realized via implementing viscoelastic
dampers. Also it was apparent that effectiveness of damper is
strongly dependent upon environmental temperature. The cir-
cumstance of damper positioning within the structure is also
emphasized.
Ramirez et al. [5] carried out extensive research on analysis and
design of structures with earthquake energy dissipation systems
such as viscous dampers which is reported by MCEER-0010.
The simpliﬁed method is proposed for elastic and bilinear elastic
time history analysis of SDOF system with linear and nonlinear
damper devices. Also displacement ductility demand for retro-
ﬁtted structure by damper device is evaluated to determine
equivalent earthquake forces and to perform modal analysis. The
analysis procedure and result are veriﬁed through 3 and 6 story
steel moment frames which were designed based on NEHRP
(1997). Ramirez et al. [6] extended their work and the numerical
simulations have been done via 20 earthquake records that were
scaled to match on average the NEHRP (2000) spectrum. So the
damping coefﬁcient which used to calculate spectral accelerations
for damping was proposed and new relationship for the ratio of
peak inelastic displacement to the peak elastic displacement was
formulated for structure furnished with viscous damper device.
Pavlou and Constantinou [7] analytically studied nonlinear
response of steel moment frame structure which was designed
based on NEHRP (2000) with and without supplementary damp-
ing systems under far-ﬁeld, near-ﬁeld, and soft-soil earthquake
excitation using IDARC 2D program [8]. The analysis result showed
that using of viscous damper devices signiﬁcantly reduced peak
accelerations and velocities in structural stories.
Rodrigo and Romero [9] investigated the dynamic response of a
multi-story steel moment resisting frame equipped with ﬂuid
viscous dampers and subjected to seismic load numerically.
Providing a simple methodology leading to an optimum retro-
ﬁtting option with nonlinear ﬂuid vs dampers subjected to seismic
loads was the main objective of this numerical research. The
seismic response of a six-story steel building was evaluated and
it was reported that the maximum force experienced by the
dampers in the nonlinear case can be decreased more than 35%
in comparison with the linear retroﬁtting case with a similar
structural seismic performance. Min et al. [10] presented a design
process for viscoelastic dampers and experimental test results of a
5-storey single bay steel structure equipped with viscoelastic
dampers. The location of designed viscoelastic dampers was in
the ﬁrst and the second stories of the building. The results
indicated that by installation of the dampers, the dynamic
response of the full-scale model structure decreased appropriately.
As an alternative, numerical simulation was used to extensively
examine the role of viscous damping in preventing buildings from
collapsing from massive earthquake ground motions by Soda [11].
Tezcan and Uluca [12] evaluated the viscous dampers performance
through analyses of a number of structures equipped with energy
dissipation devices, and results revealed both their advantages and
disadvantages. Yang and Agarwal [13] investigated the inﬂuence of
the passive control device on the structural response produced by
strong ground motions in near ﬁeld. The ﬁndings showed that
near-fault ground motions with large velocity pulses could lead to
the use of seismic energy dissipation devices that are critical for
structure performance [14]. Wanitkorkul and Filiatrault [15]
assessed the effect of structural passive systems on the structural
and non-structural seismic fragilities of buildings. Also Guneyisi
and Altay [16] compared the fragility of buildings equipped
with and without passive control systems and concluded that
viscous dampers were particularly effective in assuaging seismic
structural response when different earthquake ground motions
were applied.
Lee et al. [17] compared the accuracy and efﬁciency of different
conventional analysis techniques for building structures with
added viscous dampers that include the methods of direct inte-
gration, complex mode superposition, the modal strain energy
method and matrix condensation technique. The eigenvalue ana-
lysis showed that the matrix condensation technique which is
applied to dynamic analysis provided quite accurate results in
signiﬁcantly reducing analysis time, regardless of the plan shape
and the location of the viscoelastic dampers. Also the most
important advantage of direct integration method in comparison
to other methods was accuracy in the process of time history
analysis [18]. Nonetheless, Pong et al. [19] used direct integration
which is one of the most extensive techniques in computer
simulation and analyzed the structures supplemented with dam-
per devices, which are subjected to steady-state excitation.
Also direct integration is generally applied in the ﬁnite element
method.
Lu et al. [20] veriﬁed the generalized Maxwell model in order
to accurately simulate the hysteretic behavior of damper. It was
reported that this model was able to predict the amount of energy
dissipation by the damper more accurately. Pawlak and Lewan-
dowski [21] presented the determination of the dynamic char-
acteristics of structures with visco-elastic dampers. The dynamic
characteristics of a structure with visco-elastic dampers have been
determined as a solution to the appropriately deﬁned eigenvalue
problem. Also the problem of existence of real eigenvalues was
discussed when the fractional model is used.
Hejazi et al. [22] developed constitutive model for damper
devices which was applicable in reinforced concrete structures.
The nonlinear performance of damper device was considered and
ﬁnite element model was proposed. Application of developed
system in some structural models indicated that using damper
devices effectively diminish earthquake effect on reinforced con-
crete buildings and reduce seismic response of structure [23,24].
Although in all studies which are available in the literature,
the damper devices are depicted as a structural member but
the effect of damper damping is just considered as a single
value of damping parameters while solving the general equation
of motion; and never the damper devices are modeled and they
contribute as a structural member and element with boundary
condition and failure criteria which must be completely compa-
tible with the structural analytical model such as reinforced
concrete structure's model.
Then, the most commercial software are able to model damper
device function in the structure but not consider it as a structural
element and hence just damping effect is considered during
dynamic analysis of structures. Therefore it is not possible to
model the structure which includes all structural members such as
damper devices and to detect the damage of dampers (failures
identify) during earthquake excitation which is the most challen-
ging issue on safety of retroﬁtted structures subjected to earth-
quakes. Thus, efforts to enhance both the physical and constitutive
modeling of reinforced concrete framed buildings equipped with
earthquake energy dissipation system with the possibility of
damage detection in damper devices are crucial and necessary.
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Because of this insufﬁcient information, in the present research, an
attempt has been made to derive and formulate the constitutive
law and ﬁnite element model for three-dimensional non-linear
viscous damper as a structural member which is compatible with
the reinforced concrete structures. Also the analytical model and
ﬁnite element algorithm are proposed for reinforced concrete
structures equipped with viscous dampers element in order to
analyze inelastic dynamics and damage detection in beam, col-
umns and viscous damper device connections during earthquake
excitation.
2. Proposed ﬁnite element modeling of a framed structure
equipped with an energy dissipation system
The following elements have been used for the ﬁnite element
idealization of reinforced concrete framed buildings equipped
with viscous dampers.
2.1. Beam–column element
In this study, a two node, three-dimensional beam–column
element having two rigid ends of different lengths for simulating
the ﬁnite widths of the beam–column connection is used. The
stiffness matrix of this element is derived using the bending
theory for small transverse displacements [25].
2.2. Damper element
Fig. 1 shows the proposed inelastic viscous damper element. This
member has two nodes where each node has six degrees of
freedom in space (δ1–δ6). This element also consists of three
different zones. The ﬁrst zone is the rigid block zone located at
each end of the member. The second zone is the 3D plastic hinge
zone at each end, which is indicated by the damper connection
failures and assumed to have a zero length. The remaining inter-
mediate part of the member represents the third zone, which is a
function of the viscous damper properties. These zones represent
the ﬁnite width of the damper and the inelastic and elastic
properties of the member. The central part of the member (located
between the two plastic hinges) is assumed to reﬂect the elastic
behavior of the member (elastic element), while the plastic hinge
zones reﬂect the inelastic behavior of the member (inelastic
element). The damping coefﬁcient (Cd) for the proposed 3-D
damper element is calculated using the following relation:
Crs ¼
Z L
0
Cdð_xÞψ rðxÞψ sðxÞdx ð1Þ
where L is the member length, Cd is the damper damping
constant coefﬁcient, ψ rðxÞ and ψ sðxÞ are the shape functions of
damper element at various degrees of freedom directions.
Therefore, by expanding Eq. (1) for the three different zones of
the damper element, the damping coefﬁcient is obtained in the
following form:
Crs ¼
Z Pzl
0
Cdψ rðxÞψ sðxÞdxþ
Z Dl
0
Cdψ rðxÞψ sðxÞdxþ
Z Pzr
0
Cdψ rðxÞψ sðxÞdx
ð2Þ
where Pzl and Pzr are the left and right plastic hinge zone
lengths, respectively, of the two rigid blocks at both the ends of
the element and Dl is the length of the damper part, as shown in
Fig. 3.
The damping matrix is derived by integrating Eq. (2) through
element shape functions in various degrees of freedom directions.
The shape functions for the proposed damper element having two
rigid ends in 12 degrees of freedom (δ1–δ12) are derived (6 degrees
of freedom for each node) and tabulated in Table 1 for the
left node.
These functions are derived by choosing the different origins
for different segments of the element for convenience (Left Hinge,
Damping Part and Right Hinge).
By substituting the functions in Eq. (2) and carrying out the
integration, viscous damper damping coefﬁcients in three dimen-
sions of each end of the damper element are obtained for each
degree of freedom. The member of damper damping matrix for
axial action Cd (δ1) in the left end node is calculated by integrating
the shape functions in the ﬁrst degree of freedom (ψ1) for damper
elastic part as shown in the following equation:
Cdðδ1Þ ¼
Z Dl
0
Cd 1
x
Dl
 2
dx¼ Cd
Dl
3
ð3Þ
It is worthy to note that the mid part of damping element
(Elastic Damper Element) is just affected in the direction of
damper action which is in the element axial direction (δ1).
Also damping matrix member for shears action Cd (δ2) and Cd
(δ3), are derived by integrating of shape functions in δ2 and δ3
directions respectively:
Cdðδ2Þ ¼
Z Pzl
0
Cd  12  dxþ
Z Dl
0
Cd 13
x
Dl
 2
þ2 x
Dl
 3 2
dx¼ Cd  Pzl
ð4Þ
Fig. 1. Three dimensional damper element with two plastic hinges at ends.
Table 1
Shape functions of damper element at the left node for different member segments.
No DOF Element segment Shape function
1 δ1 Damping part ψ1ðxÞ ¼ 1x=Dl
2 δ2 Left hinge ψ2ðxÞ ¼ 1
Damping part ψ2ðxÞ ¼ 13ðx=DlÞ2þ2ðx=DlÞ3
Right hinge ψ2ðxÞ ¼ 0
3 δ3 Left hinge ψ3ðxÞ ¼ 1
Damping part ψ3ðxÞ ¼ 13ðx=DlÞ2þ2ðx=DlÞ3
Right hinge ψ3ðxÞ ¼ 0
4 δ4 Damping part ψ4ðxÞ ¼ 1ðx=DlÞ
5 δ5 Left hinge ψ5ðxÞ ¼ x
Damping part ψ5ðxÞ ¼ Pzl½13ðx=DlÞ2
þ2ðx=DlÞ3xð1x=DlÞ
Right hinge ψ5ðxÞ ¼ 0
6 δ6 Left hinge ψ3ðxÞ ¼ x
Damping part ψ5ðxÞ ¼ Pzl½13ðx=DlÞ2
þ2ðx=DlÞ3þxð1x=DlÞ2
Right hinge ψ2ðxÞ ¼ 0
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Cdðδ3Þ ¼
Z Pzl
0
Cd  12  dxþ
Z Dl
0
Cd 13
x
Dl
 2
þ2 x
Dl
 3 2
dx¼ Cd  Pzl
ð5Þ
The effect of elastic part of damper is considered as zero in
shear actions because there is no function of damping in these
directions.
Torsion Cd (δ4) and moments Cd (δ5) and Cd (δ6) of the left end
node are derived similarly as showed in Eqs. (6)–(8), respectively:
Cdðδ4Þ ¼
Z Dl
0
Cd 1
x
Dl
 2
dx¼ 0 ð6Þ
Cdðδ5Þ ¼
Z Pzl
0
Cdx
2dx
Z Dl
0
Cdþ Pzl 13
x
Dl
 2
þ2 x
Dl
 3 
x 1 x
Dl
  2
dx¼ Cd
Pzl3
3
ð7Þ
Cðδ6Þ ¼
Z Pzl
0
Cdx
2dxþ
Z Dl
0
Cd Pzl 13
x
Dl
 2
þ2 x
Dl
 3 
þx 1 x
Dl
  2
dx¼ Cd
Pzl3
3
ð8Þ
For abbreviation, the calculation for the other degrees of free-
dom are not presented here, and by calculating of all degrees of
freedom, damper damping matrix [C] for the proposed 3-D
damper element is obtained, which is 1212 dimension matrix
and is shown in the following equation:
½C ¼ cd
3

Dl 0 0 0 0 0 Dl2 0 0 0 0 0
0 3Pzl 0 0 0 3Pzl
2
2 0 0 0 0 0 0
0 0 3Pzl 0 3Pzl
2
2 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 3Pzl
2
2 0 Pzl
3 0 0 0 0 0 0 0
0 3Pzl
2
2 0 0 0 Pzl
3 0 0 0 0 0 0
Dl
2 0 0 0 0 0 Dl 0 0 0 0 0
0 0 0 0 0 0 0 3Pzr 0 0 0 3Pzr22
0 0 0 0 0 0 0 0 3Pzr 0 3Pzr
2
2 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 3Pzr
2
2 0 Pzr
3 0
0 0 0 0 0 0 0 3Pzr22 0 0 0 Pzr3
2
66666666666666666666666666664
3
77777777777777777777777777775
ð9Þ
The global damping matrix of the damper is obtained from the
local damping matrix through congruent transformation matrix.
Time marching scheme for framed structures equipped
with damper
In the present study, the stiffness method for structural analysis
has been integrated with the ﬁnite element method to inelastic
dynamic analysis of frame building equipped with dampers
system. For this purpose Newmark's direct step-by-step integra-
tion [26] is developed and the equation of motion for an elasto-
plastic system equipped by viscous damper system subjected to
earthquake loads obtained from the consideration of equilibrium
of forces is given by
M €uþqðu; _uÞ ¼ FcþFe ð10Þ
where q is the vector of internal resisting forces, which depends on
the displacement u and velocity _u; M is the mass matrix of the
system; €u is the acceleration vector; Fc is the viscous damper force;
and Fe is the applied earthquake load vector. The internal resisting
forces are deﬁned by the stiffness matrix K, the damping matrix C
and the control force due to viscous damper elements deﬁned in
the previous section and the following relations are deﬁned:
M €utþΔtþqðutþΔt ; _utþΔtÞ ¼ FctþΔtþFet þΔt ð11Þ
where FctþΔt ; FetþΔtare the viscous damper force and applied
earthquake load vector at time (tþΔt), respectively. Moreover,
utþΔtand _utþΔt are the displacement and velocity of the system at
time of tþΔt and are deﬁned as follows:
utþΔt ¼ utþΔtþðΔtÞ2β €utþΔt ð12Þ
_utþΔt ¼ _utþΔtþΔtγ €utþΔt ð13Þ
where utþΔtand _utþΔt are obtained from these equations:
utþΔt ¼ utþΔt  _utþ0:5ðΔtÞ2ð12βÞ €ut ð14Þ
_utþΔt ¼ _utþΔtð1γÞ €ut ð15Þ
Here β and γ are the parameters that control the accuracy and
stability of the method. The quantities utþΔt and _utþΔtare the
historical values, and utþΔt and _utþΔt are the corrector values. To
start the algorithm, the initial values of acceleration €u0; are
obtained by solving Eq. (11) at time t¼0 as
€u0 ¼M1½ðFc0þFe0Þqðu0; _u0Þ ð16Þ
where Fc0and Fe0 are the viscous damper force and applied
earthquake load at time t¼0. The solution for the linear case is
obtained by reducing the relations Eqs. (11)–(15) to a recurrence
relation that involves effective static solutions at intervals of Δt.
The inelastic solution is obtained in the same way as explained
above except that the stiffness matrix and damping matrix are
reformulated to take into account the effect of any topological
change in the structure due to actions of the passive control
system and formation of plastic hinges in the frame.
Newmark's algorithm, which is developed and applied to each
time step, can be summarized into the steps shown in Fig. 2.
3. Development of computer program code
The especial ﬁnite element code developed for the proposed
physical, material models of elements and computational proce-
dures for “Nonlinear Analysis of Reinforced Concrete Buildings
with Earthquake Energy Dissipation System” [27].
This computer program was created using the FORTRAN
language, which was made compatible with the power station
environment. The program has several subroutines, and each of
them is subsequently called. This program deals with forces and
moments instead of stresses, and some further details are as
follows:
1. It checks yielding that may occur at the ends of any beam-
column and damper.
2. It calculates the inelastic forces to be redistributed in the next
iteration.
Predict displacements, velocities and accelerations by using past history at 
the previous time step
Set iteration counter (j=0)
If required, form the modified effective stiffness matrix
Evaluate residual forces
Solve for the incremental displacements 
Update the displacements, velocities and accelerations
If duj and/or rj do not satisfy the convergence condition then set (j=j+1)
and go to step 3; otherwise continue.
Set displacement, velocity and acceleration for use in the next time step. 
Also set t = t +Δt to begin the next step.
Fig. 2. The developed Newmark's algorithm.
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3. It calculates the plastic deformations.
4. It calculates the stiffness matrix, considering the current state
of stress resultants.
5. It calculates damper damping force and modiﬁes it at each
iteration based on the optimum control system.
Fig. 3 illustrates both the procedure and the ﬂowchart of the
developed ﬁnite element code.
4. Application in 3-dimensional, three-story RC framed
building
The 3D ﬁnite element modeling of three story building is
considered as depicted in Fig. 4. In order to perform plasticity
analysis and evaluate effect of viscous damper parameters in
seismic response of building and failure of damper devices func-
tion using developed system. The material and section properties
of the beam and column members are showed in same ﬁgure. This
model was subjected to the Elcentro earthquake acceleration
(Imperial Valley – 1940) and the record of this earthquake is
shown in Fig. 5.
All beams and column sections were assumed to be the same in
all stories and all directions. The distribution loads on beams is
25 kN/m and the concentrated loads on all columns is considered
as 40 kN.
First, the plasticity seismic analysis carried out for structure
without any damper device. After performing inelastic analysis of
the model, the plastic hinges are occurred in beam and column
members as shown in Fig. 6 during earthquake excitation.
So, the viscous dampers were added to all bays in all stories on
two sides of the building to evaluate the effect of viscous dampers
in the seismic response of the structure. Position of the damper
elements in the frame model is portrayed and depicted in Fig. 7.
In order to evaluate effect of damper properties in seismic response
of structure and damaging of viscous damper devices, nonlinear
analysis of the model subjected to earthquakes was performed for
following range of damping coefﬁcients (kN section m1):
C1¼0, C2¼50, C3¼100, C4¼200, C5¼300, C6¼400, C7¼500,
C8¼600, C9¼700, C10¼800, C11¼900
Section plastic hinges and total plastic hinges of sections for
various damper damping coefﬁcients are plotted in Fig. 8. As
shown in this ﬁgure, by increasing damping coefﬁcient, number of
section plastic hinges and total plastic hinges is reduced.
Use of viscous damper with C¼900 kN section m1 could
reduce number of section plastic hinges from 86 in case of without
damper to 14 with supplementary damper device. Therefore, 72
section plastic hinges has been removed through the use of
damper device (83% reduction). Moreover, repetitions of plastic
INPUT DATA DEFINING GEOMETRY, BOUNDARY CONDITIONS, MATERIAL PROPERTIES AND DAMPER 
COEFFICIENTS
FOR ALL MEMEBER SECTIONS IN THE FRAME, PERFORM THE SECTION AND FITTING ANALYSIS TO DEFINE THE 
YIELD SURFACES
INPUT LOAD DATA (DEAD - LIVE LOAD AND EARTHQUAKE EXCITATION) AND FIND THE EQUIVALENT NODAL 
FORCES FOR DIFFERENT LOAD
DO LOOP FOR LOAD STEP
DO LOOP FOR LOAD STEP
IF REQUIRED, REFORMULATE THE STIFFNESS MATRIX OF FRAME ELEMENT AND THE DAMPING 
MATRIX DEPENDING ON THE PREVIOUS STATE OF FORCES AND STRESSES AND DEFORMATION
CALCULATE THE RESISTING FORCE VECTOR TAKING INTO ACCOUNT THE 
TOPOLOGICAL CHANGES OF THE STRUCTURE
GENERATE THE TOTAL RESIDUAL FORCE INCLUDING THE DAMPERS FORCE AND 
SOLVE FOR THE INCREMENTAL DISPLACEMENTS
SOLVE FOR DISPLACEMENTS
YES
NO
PRINT THE REQUIRED OUTPUT END
CHECK CONVERGENCE
Fig. 3. Flow Chart of developed Finite Element Computer Program Code.
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hinges occurrence in beam and column and damper members
during loading and unloading process due to earthquake excita-
tion (total plastic hinge) is reduced from 384 times to 21 with
C¼900 kN section m1 which indicates 94% reduction in plastic
hinge formation.
Therefore, implementing a viscous damper effectively reduces
structures damaged during earthquakes, and by increasing the
damper damping coefﬁcient, the effectiveness of the damper device
on dissipating the earthquake energy is efﬁciently enhanced.
6 m 6 m 6 m
6 m
6 m
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3m
3m
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As2 =  800  mm2
As3 = 1200 mm2
fc = 30 MPa             
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Columns Section
300 
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400 mm
As1 = 1200 mm2
As2 =  1200  mm2
fc = 30 MPa             
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fy = 400 MPa    
Es = 200000 MPa
Beams Section
Fig. 4. Geometry and material and section properties of 3D, three-story reinforced concrete framed model.
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Fig. 5. Earthquake record components of Elcentro (Imperial Valley Irrigation District, USA-1940). (a) North–south component. (b) East–West component. (c) Up–down
component.
Fig. 6. Location and sequence of ﬁrst 50 plastic hinge occurrence during earth-
quake excitation.
Fig. 7. Viscous dampers are added to all bays in all stories in two sides.
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As shown in Fig. 9, the plasticity result indicated that failure in
damper device connections is mostly happened for damper ele-
ments which are located on the corner bays due to effect of high
movement and rotation resultant by earthquake impact in both
horizontal directions. Also number of plastic hinges in direction
which used more damper devices is less than other direction and
it is indicated that force distributed in more number of dampers
and lead to less damage in connection of damper devices. By
increasing the damper damping coefﬁcient, the overall movement
of structure is reduced and less number of dampers are failed.
Once the plastic hinges detect in the damper element, the
function of damaged damper device in structural model is not
consider for rest of time history analysis.
Fig. 10 shows the peak displacements of the selected nodes in
three dimensions, two horizontal (X and Z) and one vertical (Y) for
various damping coefﬁcients. It is obvious from Fig. 10-a and -b
that peak horizontal displacements of structure are reduced by
increasing of damper damping coefﬁcient.
Viscous damper with C¼900 kN section m1 reduced peak
horizontal amplitude of structure in X direction from 32.2 mm to
2.6 mm and damper device diminish the X direction movement by
92%. This type of damper decreased peak horizontal amplitude in Z
direction from 34 mm to 2.7 mm, which shows 92% reduction.
Also as seen in Fig. 10-c that an increase in damper damping
coefﬁcient, it decrease vertical peak amplitude except in case of
C¼50–400 kN section m1. The maximum vertical reduction is
50% and related to viscous damper with C¼900 kN section m1
where the peak vertical movement is reduced from 2 mm to
1 mm.
Increasing of vertical amplitude in range between C¼50 and
400 kN section m1 is not expected, and it proves that analysis of
structure in various viscous damper should be carried out and
three dimensional seismic response must be evaluated to ﬁnd
optimum viscous damper parameters in order to minimize struc-
ture response during earthquake excitation.
As seen in the graphs (e)–(f), similar to the displacements, the
amplitude of rotations are reduced by an increase in damping
coefﬁcients. But in some range of damping coefﬁcients, the trend
of reduction in rotation amplitude is unexpected and by enhancing
of damping coefﬁcients, rotation amplitude is increased. Therefore,
it is necessary to analyze the structure with different damping
coefﬁcients and evaluate seismic response to choose suitable
damper properties.
The peak axial and shear forces in beams and columns for
different damping coefﬁcient are shown in Fig. 11. As shown in
Fig. 11-a, the range for peak compression and tension (minus and
positive axial force) in structure member (beams and columns) are
reduced as damping coefﬁcients increased.
The peak compression and tension force in structure members
with viscous damper (C¼0) are 16.13 kN and 16.14 kN, respec-
tively. The forces are reduced to 1.4 kN and 1.25 kN when
supplemental viscous damper with damping coefﬁcient equal to
900 kN section m1 is used.
The viscous damper (C¼900 kN section m1) reduced peak
compression and tension force in structures by 91.31% and 92.2%
respectively.
The peak shear force around Z direction in beams and columns
for different damping coefﬁcient are shown in Fig. 11-b. As seen in
this ﬁgure, the peak shear force around Z direction is reduced from
34.09 kN to 2.7 kN (92% reduction).
Fig. 11-c shows shear force variations around Y direction with
different viscous damper damping coefﬁcients. The range of peak
shear force around Y direction increased from 2 kN for structure
without viscous damper to 11.18 kN for the structure equipped
with viscous damper (100 kN section m1 damping coefﬁcient)
and again reduced to 1.01 kN in case of damping coefﬁcient equal
to 900 kN section m1 (about 50% reduction). It is clear that using
viscous damper sometimes increases the structure member force
and through structural analysis of various damping coefﬁcients the
most effective damper could be selected.
The peak amplitude of the torsion force in various damper
damping coefﬁcients are shown in Fig. 11-d. As seen in the plot,
torsion peak amplitude is increased from 6.7 kN m in case of
structure without damper (C¼0) to 11 kN m through using dam-
per with 50 kN section m1 damping coefﬁcient. This amount is
reduced to 9.9 and 8.4 kN m with 100 and 200 kN section m1
damping coefﬁcients respectively. The minimum reduction is
observed in 900 kN section m1 which is 1.9 kN m. This indicates
71% reduction.
Fig. 11-e shows the peak moment variation around Z direction
for various damping coefﬁcients. The peak amplitude of moment
in Z direction in structure without supplemental earthquake
energy dissipation system is 7.6 kN m which is increased to the
11.8 and 10.8 kN m by implementation of viscous damper with
C¼50 and 100 kN section m1 respectively. Use of viscous damper
with 200–900 kN section m1 coefﬁcient, the range for peak
moment in Z direction is reduced and this amount is minimized
to 1.8 when C¼900 kN section m1. This indicates of 76% reduc-
tion in moment around Z direction.
The range for peak moment variations in Y direction is plotted
in Fig. 11-f for various damping coefﬁcients. The peak moment for
structure in the absence of damper device is 0.95 kN m. The
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Fig. 9. Failure in connections of viscous damper devices during earthquake
excitation. (C¼50 kN section m1).
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moment is reduced due to viscous damper device. By increasing
the damping coefﬁcients, the peak moment force in Y direction is
decreased and maximum reduction is 0.17 kN m due to damping
coefﬁcient equal to 900 kN section m1 (82% reduction).
It obviously form these result, by increasing the damping
coefﬁcients, the all forces in the structural member are reduced.
For this reason number of damages in connections of viscous
damper device is reduced by increasing of damping coefﬁcients.
Fig. 12 shows the time history displacement and rotation of the
structure top node in all directions during earthquake excitation.
The denoted curve indicates the structure response without a
viscous damper device, and the solid line curve shows the
structure response equipped with a viscous damper that has a
900 kN section m1 damping coefﬁcient. The effectiveness of the
viscous damper on reducing the structure movement during the
earthquake load can be clearly seen in the plots.
The peak displacement amplitude along the X direction in the
structure without using a damper device is 29.5 mm, but with a
viscous damper (C¼900 kN section m1), it is decreased by 91%
and reaches 2.66 mm, as shown in Fig. 12-a.
Similarly, the peak amplitude of the top node in the Z direction
is reduced from 34.1 mm to 2.7 mm (92% reduction) in a structure
furnished with a damper with a 900 kN.sectionm1 damping
coefﬁcient, as shown in Fig. 12-b. Vertical movement of the peak
amplitude increases when the viscous damping coefﬁcient is
approximately 50–400 kN section m1.
But afterwards, the amplitude decreased from 2.01 mm to
1.01 mm (a 50% reduction) when C¼50 kN section m1, as shown
in Fig. 12. Time history of displacement and rotation of the
structure top node with a 900 kN section m1 damping coefﬁ-
cient. (a) X direction, (b) Z direction, (c) Y direction-c.
So, based on present result, the developed earthquake energy
dissipation system successfully diminished the seismic effect on
the building seismic response in terms of plastic hinge occurrence
and displacements, which ensures the safety of structures in
severe dynamic load excitation.
This type of damper device can be designed and installed in
both new buildings and existing structures. Because they are
comparatively small and may be unnoticeable, these devices can
therefore be easily integrated into a particular structure without
altering or tarnishing its appearance.
Thus, considering the capability of the damper device to reduce
the structural seismic response, this system is undeniably an
appropriate technique to be used for upgrading, rehabilitating
and retroﬁtting existing buildings.
5. Conclusions
In the present study three-dimensional elasto-plastic damper
element which is compatible with concrete structures was pro-
posed and formulated. Also the ﬁnite element technique was
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Fig. 11. Peak maximum and minimum axial and shear force, torsion and moment at structure beams and columns in different damper damping coefﬁcient (a) – Axial Force.
(b) – Shear Force in Z direction. (c) – Shear Force in Y direction. (d) – Torsion. (e) – Moment around Z direction. (f) – Moment around Y direction.
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developed for nonlinear analysis of RC framed structures equipped
with earthquake energy dissipation system which is capable to
detect any failure and damage in structural members include of
damper device connection during earthquake excitation.
The developed system was applied in 3D model of RC structure
and comparison of the seismic responses of the structure without
the energy dissipation system and the structure with the proposed
viscous damper elements showed that the implementation of
damper devices had effectively reduced the structural response
subjected to earthquakes in terms of occurrence of plastic hinges
in structural members and displacements in all directions.
Also by evaluating the effects of the damper parameters on the
response of the structures, the results revealed that by increasing
damper damping coefﬁcients, structural movement and forces in
structural member are reduced which is lead to less failure in
damper devices and structural member.
The developed analytical model is capable to detect any
damage occurrence in connection of viscous damper devices
during earthquake excitation and determine response of structure
after failure of earthquake energy dissipation systems. So, this
system is able to contribute in safety evaluation of retroﬁtted
structures.
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